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1. SCOPE

This document describes the AMS Tracker Thermalti©@bisystem (TTCS) filling system, and

the CQ filling procedure for TTCS FM after integratiomaded on this filling system.

2. DOCUMENTS

2.1

Table 2-1 Reference

RD-1 TTCS Filling System and Accuracy NLR-Memorandum
by G. van Donk/J. van Es AMSTR-NLR-TN-019-Issue 02

RD-2 Cleaning of 316L tubes andTTCS-SYSU-GS-TN-001-1.0
components, by WJ Xiao

RD-3 Leak detection for TTCS EM by H’eTTCS—SYSU—GS—RP—003—1.0
mass spectrography, JF Ding

No part of this document may be reproduced and/or disclosed, in any form or by any means,
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3. AMS TTCS FILLING SYSTEM

3.1 Principle of the TTCS filling system

The TTCS filling system is designed to fill the végd CQ into the TTCS loop with mass
accuracy of 4%. The filling system is capable tasge the TTCS loop volume, which allows the
determination of the fill mass of GO

The requirement details and the filling principfnde referred to RD1 “TTCS Filling System and

Accuracy”.

3.2 Structure of the portable TTCS filling system

Figure 3-1 Portable filling system
Figure 3-1 and figure 3-2 shows the structure &edprinciple of the TTCS filling system. The

filling system consists of three standard vesséls about volume of 1.5 liters (labeled as: VS_A,
VS _B, and VS_C, respectively), a filling box (sdgufe 3-1, the photo above, and Figure 3-2), a

vacuum pump, and an electronic balance (locallypkeg for the last two), a digital pressure

No part of this document may be reproduced and/or disclosed, in any form or by any means,
without the prior written permission of SUN YAT-SEN UNIVERSITY.
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gauge, and flexible extension filling tubes. TH{ box consists of a vacuum valaad valve

4 that connect to the vacuum connector, a vacuumegéugneasure the vacuum, valve 1 that
connects to the TTCS loop through connector 1,ev@\hat connects to the gas bottle through
connector 2, valve 3 that connects to a standasdeVaghrough connector 3,digital pressure
gauge to measure filling pressure, a finer gaugant on the front paneheasure outlet pressure
of pressure regulator and these two pressure gatagesneasure pressure of TTCS indirectly
during filling. And two filters that prevent micro-particles from entering the filling'sgem

(including standard vessels) and the TTCS loop.

Digital pressure gauge

D@ Connectbr 1
— } } | D@:‘I = ng_ TTCS LOOP

Valve 1

I T1Cs vatve

NSV & S 36

Vacuometer |

Filter Pressure regulator

|
|
: Finger pressure gauge
|
|

SV valve

Conlpcctor 3 Valve3 Vacuum valve

Foil |
heater —1 ‘,:8:], =
: Filter Conncct?r 2
| Valve 2 | Gasbottle valve

Standard vessel ' _ _ _ _ _ _- T&P — — — — — }'ﬂl iig EOX_ _____________
Display and
T controller

Figure 3-2 Schematic TTCS filling system

No part of this document may be reproduced and/or disclosed, in any form or by any means,
without the prior written permission of SUN YAT-SEN UNIVERSITY.
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4. MAIN TERM COMMENTARY OF THE TTCS FILLING

PROCEDURE
Table 2 Commentary about main term of the TTCS fill  ing procedure
Nomenclature
T Temperature
M Mass
Vv Volume
PG Density of gas
Subscript
C Calculated
E Empty
F Filled
FT Filling tube and box
FR Fill rate (g/L)
Filled_VS The filled standard vessel
Filled_L The filled loop
L The TTCS Loop
O Obtained
R Retained
VS Standard vessel with volume of 1.5L

No part of this document may be reproduced and/or disclosed, in any form or by any means,
without the prior written permission of SUN YAT-SEN UNIVERSITY.
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T room Clean room temperature
MC_L =Voop XFR
Calculated CO, mass to be filled into the TTCS LOOP
pc (T, P) CO, density inside the standard vessel determined by the chosen
final temperature of the standard vessel and the final saturated
pressure of the TTCS loop during filling
Mc r vs =VvsxpPc (T)
The calculated CO, mass to be retained in the SV1.5 after filling
Mc R Fr =Verxpe (T)
The calculated CO, mass to be retained in the filling box and the
extend tube after filling
Mc r =Mc r vst Mc R Fr
Mg vs Net mass of the SV1.5 in 15Pa.
Mc vs = Mg vs + Mc L + Mc r;
Total calculated mass of the filled SV1.5 before filling to the TTCS
Loop
MEiled Vs The obtained gross mass of CO, in the SV1.5 before filling
Mo vs = MEiled_vs = ME_vs
The obtained net mass of CO, to be filled into the SV1.5 before
filling
Mo R vs The obtained CO, mass retained in the SV1.5 after filling
Mo R ET The obtained CO, mass retained in the filling tube after filling
MeEilled_L = Mo vs—Mo r vs— Mo R FT
The obtained CO, mass filled into the TTCS Loop

No part of this document may be reproduced and/or disclosed, in any form or by any means,
without the prior written permission of SUN YAT-SEN UNIVERSITY.
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5. PRINCIPLE OF VOLUME DETERMINATION

5.1 Volume determination by gas mass

Assumption: There is no leakage of the measuring systemudnaf the containers (here
components and couplings), during the period of smeament; and the temperature can be
controlled with uniformity within 2.0K; no nitrogeabsorption on the inner surface of the system
(here TTCS loop) that made of stainless steel.

A container, with mass of Mand filled N of My», is connected to another container with
unknown volume Y, after measuring the N2 mass filled into V2 by giwing, and the final
pressure by employing the filling system with hjglecision pressure sensor, and the temperatures

of the containers, the unknown volume gfdan be determined by using the ideal gas equation.

5.2 Volume determination of the TTCS loop

Fill nitrogen with the volumes of the known con&irto a pressure of 4.5MPa; weight the mass of
the container Miogens Connect the container to a vacuumed loop andselaitrogen to the loop.
Weight the mass of the container agaig:Mena the nitrogen mass filled into the loop can then b

calculated: Mitrogen: Ivlnitrogenl_'vI nitrogen3

vV _ M nitrogenRTZ
Loop — =
Zrn"litrogen
Here MirogeniS Molecular weight of nitrogen.
AV, AP AM AT,
AMg = £0.1g, andATiop = 2K, the error —®. = —°%® 4 2 "8 4 — PP js apout 2.4%.
loop I:)Ioop M He loop

Please refers to 8.2 for details.

No part of this document may be reproduced and/or disclosed, in any form or by any means,
without the prior written permission of SUN YAT-SEN UNIVERSITY.
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T1
e -
' Standard vessel F||||ng system :'I'I'CB small loop filling vavle
L/
Filling box TTCS Loop
|
l |
I

L—» Filling tube -«—

M_nitrogen1

Figure 5-1 Weight of gas mass of the filled standard vessel before filling TTCS, to determine
the volume of TTCS LOOP

Standard vessel F||||ng System TTCB small loop filling vavle

Valve

|
: 21{:92 —— Filling box

L |

I - L—— Filling Tube «——

I L I
_V_standard vessel FILLING SYSTEM V_TTCS LOOP
M_nitrogen2 V_filling system M_nitrogen

M_filling system

Figure 5-2 Weight of gas mass of the filled standard vessel after filling TTCS to determine the
volume of TTCS FM
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6. TTCS FILL PROCEDURE

The fill procedure consists of the following majorsteps:
1. Determination of the exact TTCS-loop volume, inghgpthat of the accumulator
2. Filling of the TTCS-loop with the exact G@hass
Main implication of the filled TTCS is that TTCSdp below 60°C (the maximum design
temperature) is below 160bar, the maximum desigsgure. We use a G@lling system to fill

the TTCS loop (including all the components), whielm reach the required filling accuracy.

In general, the filling procedures include

Preparation;

Leak test of the filling system, including extemtbes, and the TTCS loop;

Filling a standard vessel and the calibration efitted mass before loop filling
Determination of the volume of the TTCS loop anel @0, mass to be filled.

Filling a standard vessel and then Filling a TTG&ol

Verify the fill mass of CO2 into the loop (by weigig the mass of the standard vessel)
Temporary Sealing of the TTCS loop

© N o o b DN

If refilling is required, CO2 venting from the TTCS

No part of this document may be reproduced and/or disclosed, in any form or by any means,
without the prior written permission of SUN YAT-SEN UNIVERSITY.
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6.1 Preparation procedures

Table 3 Preparation procedures

Step Action

1.

2. Calibrate the volume of the filling box, the twoneeecting tubes and valves; ¥ 0.042 liter, if no additional extend tube is regd)
3. Select filling environmental temperature, e.g.5@2

4, Wrap a heating tape around the filling tube outsigebox;

5. Prepare an electronic balance, with full scale ¥f>and accuracy of 0.1g;

6. Prepare a He-mass spectrometer to perform leak test

7. Prepare a high precision APS (0.1%FS with FS=10Métajolume determination;
8. Prepare pure Ngas bottle for volume calibration

9. Prepare high purity (99.99%) G®ottle for filling;

10. Prepare a barrel with ice water mixture for cooling vessel;

11. Prepare a fan for cooling TTCS accumulator duriligd;

12. Connect a dry mechanical pump to the vacuum coanect

list of components to be prepared

No part of this document may be reproduced and/or disclosed, in any form or by any means, without the prior written permission of SUN YAT-SEN UNIVERSITY.
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6.2 Leak rate of the TTCS loop

In order to ensure the filling accuracy, the leaferof the filling system need to be satisfied gy tequirements belo&x10° mbarfls. Since the filling system had
been used for several times, leak might be happantt: connectors of the filling system. Usingipment “He mass spectrometer” to check these cadarsedf
some connecting parts have a detectable leak ceefhi@m with new ones.

To avoid the helium remaining in the filling systafiter the leak test, a flash operation is neeNedould be taken to flash the filling system.

Table 4 Procedures for leak rate examination

Step Action

1. Seal the filling system with the extend tubes

2. Measure the background leak rate of the “He masstspneter”

3. Connect the He mass spectrometer to the vacuunectmn

4, Vacuum the filling system

5. Measure the leak rate of the filling system withbelium gas.

6. Usingnegativemethod, blowing helium gas, to measure the leskoathese connectors, connector 1, 2 and 3.

Leak rate for each connector should be bedei0° mbarizs.

7. Disconnect the vacuum pump and measure the baakgjieak rate of the equipment.
Flush the filling system
Connect the N2 bottle to the connector 2

10. Pressurize the filling system to 40bar

No part of this document may be reproduced and/or disclosed, in any form or by any means, without the prior written permission of SUN YAT-SEN UNIVERSITY.
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11. Release the N2 from the system
12. Repeat above stepsHi@or! Reference source not found.andError! Reference source not foundl1

If the leak rate of the filling system, which reasl.0x10°mbarils, are detected with a He-mass spectrometer, this giieak rate of 7.7xT@/day/connector,
which is neglectable as compared to 850g fill nEsSO,.

NOTE: As the portable filling system is disconnected reconnected before being used, the lealofdte system must be detected again.

No part of this document may be reproduced and/or disclosed, in any form or by any means, without the prior written permission of SUN YAT-SEN UNIVERSITY.
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6.3 Determination TTCS volume and CO, mass to be filled

In Figure 4-1 and Figure 4-2 the set-up for theun@d determination is shown. The principle of voludstermination is to measure mass of a standarseles
before and after filling the TTCS-loop. The mad#edénce gives (in)-directly the TTCS loop-volume.

Note:

1. Because of assembly, pressure regulator does not function compatibly to control the filling speed, we decide to so by turning on and off valves, to replace
operating the pressure regulator. Monitoring the DPS by TTCE at the same time (not higher than 0.5 bar).

2. Three temperature sensors of Pt-1000 of new filling system should be mounted at the top, the middle, and the bottom of the standard vessel's side face,
which is enveloped by the heater as a jacket (No.1 PT1000 for control, No.2 PT1000 and No.3 PT1000 for monitor. During filling CO2 from the standard
vessel to the TTCS loop, No.1 PT1000 should be paste on the middle of the standard vessel's side face, the rest PT1000 should be paste on the top and

bottom of the standard vessel's side face).

Table 5 Procedure of determination of the volume of the TTCS loop V j00p and the CO , mass to be filled

Step Action
1. Take clean room temperature asf
2. Connect the SV1.5 (anyone of stand vessel candi ts connector 3;

Note: Longer extend tube may be used, and heightftRrence may exist between the SV1.5 and connect®r

The extend tube between connectors and valves mire mechanically supported to reduce strain.

3. Connect a Mbottle to connector 2;

No part of this document may be reproduced and/or disclosed, in any form or by any means, without the prior written permission of SUN YAT-SEN UNIVERSITY.




Page 17

AMS-TTCS
AMSTR-SYSU-PR-024 OF 64
Title FM TTCB Filling and venting procedure ISSUE 20

4, Connect the TTCS Loop to connector 1;
Note: Longer extend tube may be used, and heightftérence may exist between the TTCS loop and conrtec1.
The extend tube between connectors and valves mur mechanically supported to reduce strain.

5. Close valve 1, valve 4 and the Ibottle valve, open valve 2, valve 3, SV1.5valvesssure regulator the vacuum valve and the TTCS\abwly, to
pump SV1.5 down to 30Pa;

6. Close the vacuum valve, open the valve of thdditle;

7. Fill the SV1.5 with N up to 4.5MPa, then close valve 2; waiting for WB&eurs until pressure and temperature of the stdnassel is stable. Take
the N, pressure by hand as P1.
Take by hand average reading of three PT1000<ifilling system as
(here T is compared JomWwith range of+1°C);
Close the SV1.5 valve, valve 3, and thebidttle valve, disconnect SV1.5 from connector 3;
Weight the SV1.5 with an electronic balance (Origriecision or better), ashgen:

10. Connect the filled SV1.5 back to the connector 3;

11. Open valve 3, valve 1,vale 4 and the vacuum valgen pressure regulator to pump the filling box @M@ S loop down to 30Pa;

12. Close the vacuum valve, valve 1 and valve 4, anttlwff the pump.
Open the SV1.5 valve, then close SV1.5 valve, sidwin on valve 1 to fill the Ninto the TTCS loop to prevent pressure spike ¢osénsors.
Repeating on and off SV1.5 valve and valve 1 in umtil pressure of TTCS loop is up to 1.5MPa, tbpan SV5.0 valve and valve 1 slowly at the
same time.

13. Wait a period of time(.5~1hour} take by hand the loop pressuréPasind average reading of three PT1000s in thedilliystem a3..

No part of this document may be reproduced and/or disclosed, in any form or by any means, without the prior written permission of SUN YAT-SEN UNIVERSITY.
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(here Lis compared [5,mwith range of+1°C);

NOTE: Take by hand the highest and the lowest nmehkitemperature of the TTCS loop, the temperatifference should be less thalC2

14. Close valve 1, valve 3, SV1.5 valve and the TTClI8era

15. Disconnect SV1.5 from the connector 3;

16. Weight the SV1.5 with the electronic balance agasVhirogens

17. The nitrogen mass inside the l00op igid¥her Mhitrogen1 ~Mitrogen2—Miliing system Where

18. The volume of the loop is determined by the ides gquation , wheredihger 28g/mol for nitrogen, and R is the gas constant;
19. Determine the fill mass by M=V o0p-FR (Where FR = 569.60 g/l).

20. Calculate the filled mass for the standard vessel

SetM¢ vs= Mg vs+ Mc | + Mc g
NOTE: M¢ g =M¢ r vst Mc r rr=Vys X pg (T, P)+Verx pg (T, P)
Herepg (T, P) is determined by the chosen final tempeeatd the standard vessel and the final saturatesbpre of the TTCS loop.

see appendix 8.5 For details.

No part of this document may be reproduced and/or disclosed, in any form or by any means, without the prior written permission of SUN YAT-SEN UNIVERSITY.
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6.4 Fill a standard vessel with CO, from a Gas bottle

Table 6 Procedure of determination of filling a sta  ndard vessel with CO2 from a gas bottle

Step Action

1. Connect the SV1.there anyone of the two SV1.5 can be used) to a@iona;

Note: Longer extend tube may be used, and heightftRrence may exist between the SV1.5 and connect®r

The extend tube between connectors and valves mis mechanically supported to reduce strain.

Connect a high purity C{yas bottle to connector 2;

Close valve 1 ,valve 4 and the gas bottle valvenomlve 3, valve 2, pressure regulator, the vacwalire and the SV1.5 valve;

Open valve 3 until the pressure drop to 30Pa;
Close the vacuum valve, open the bottle valve sipuntil the pressure up to 1MPa,;
Close the bottle valve and open the vacuum vabwslg|] pump the SV1.8ntil the pressure drop to 30Pa;

Repeat such operations and flush with,®@ce.

5. Place the vacuumed SV1.5 to a barrel with ice waigture, switch off the pump;

Open valve 2 and regulate the outlet pressureobgtile valve slowly until higher than 4MPa;

7. After a period of time(2 hours~3 hours), close $hél.5 valve, valve 2,valve 3 and the gas bottlge/al

Estimate weight by electronic balance without diseert, check whether it meets required mass iISYHES. If CO2 filled into the SV1.5 is less th

the required mass, then put the SV1.5 to a baitbliee water mixture again, open valve 2, valven8 the SV1.5valve.

During the estimation of the weight without discention, the extend tube between the SV1.5 anddiliox should beut up slightly in order to ge

a real weight of the filled SV1.5 as possible axcae, and even do that the extend tube still addoumbout 2009 in total estimating weight.

AN
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AMS-TTCS Page 20
AMSTR-SYSU-PR-024 OF 64
Title FM TTCB Filling and venting procedure ISSUE 20
8. Disconnect SV1.5 from the filling box;
9. Dry and clean the SV1.5 surface;
10. Weight the filled SV1.5 with a electronic balanasMeijeq vs;
11. Take by hand the filled COnassM¢ vs = Meiled vs — Me_vs
12. If Mo vs above what requiredMc | + Mc g), open SV1.5 valve very slightly to release #eli€0, gas, close SV1.5valve;
13. Weight SV1.5again; repeats step 12 untibavalue meets the requiremeM¢ | + Mc g).
14. Seal the extended tube and the filled SV1.5.

Note : According to previous experiments data, under 3.9MP  a~4.2MPa filing mass rate of SV1.5 is about 300g ~350g per hour near 0 °C

(mixture of ice and water)

6.5 Calibration of the filled mass

Table 7 Procedure of Calibration of the filled mass

Step Action

1. Set the filling environment temperature a@2

2. Connect another standard ves$3 (B) to connector 1 with the same extension fillingdador filling the TTCS loop;
Note: Longer extend tube may be used, and heightftBrence may exist between the TTCS loop and conniec 1.

No part of this document may be reproduced and/or disclosed, in any form or by any means, without the prior written permission of SUN YAT-SEN UNIVERSITY.
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The extend tube between connectors and valves mis mechanically supported to reduce strain.

Connect a dry mechanical pump

Close valve 2 and open the vacuum valve, valveessore regulator, valve 1, valve 4 and\ise B valve;

PumpVS_B until the pressure down to 30Pa;

WrapVS_A with heating tape and affix three PT1000 to the the middle, and the bottom of ti&_A, respectively.

Open the vacuum valve slowly, and then valve 1 etk 4 ;

3
4
5
6. Connect the filled SV1.5 as tMS_A to connector 3;
7
8
9

Pump the extension filling tube until the pressdwevn to 30Pa;

10. Close the vacuum valve and valve 4;

11. Open the/S_A valve slowly;

12. After 5 minutes, switch on the filling box heaterdathe heating tape (to control the box temperaibreve 36C);

13. Watch the reading of the pressure sensor;

14. When the pressure drops@MPa, close thé/S_B valve, the pressure regulator, valve3, W& A valve, and valve 1, respectively;
15. Switch off the filling box heater and the heatiagé;

16. unwrapVS_A;

17. DisconnecS_A andVS_B, respectively;

18. WeightVS_A andVS_B, asMq r vsa @andM Eiieq_vs g, respectively

19. From Meieq vs— Mo r vs_a), We have the mass of GOut of SV1.5; fromM gieq vs 8—Me vs_g), we have the mass of G@to VS_B;
20. Obtain the mass lossid= (Mrited_vs— Mo _r vs_a)» = (MFiled_vse—ME_vs_g):;
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21. Calculate the mass loss based on the filling tud@weMc r rr =VerxpcoAT);

22. Obtain fill loss range of the filling tube by comipay M.ssandM¢ g g7 to determine performance of the current fillingteyn

23. Switch off the pump

6.6 Fill TTCS loop with CO, from SV1.5
Table 8 Procedure of filling TTCS loop with CO2 fro m SV1.5

Step Action

1. Set the filling environment temperature a@2

2. Connect the TTCS loop to connector 1 with an exgdrfdling tube.
Note: Longer extend tube may be used, and heightftkrence may exist between the TTCS loop and conrtec 1.
The extend tube between connectors and valves mie mechanically supported to reduce strain.
Connect a high purity CO; gas bottle to connector 2;
Put three PT1000 vertically by using adhesive tagarn onto the side surface of the SV1.5, theapathe SV1.5 with heat with Pt1000 in the joint
the heater.
Note: No.1 PT1000 for control, No.2 PT1000 and NoBT1000 for monitor.
During the filling CO2 from the standard vessel tothe TTCS loop, No.1 PT1000 should be paste on thdaddle of the standard vessel's side
face; the other two PT1000s should be paste on thmp and bottom of the standard vessel’s side face.

5. Connect the filled SV1.5 to connector 3;
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Note: Longer extend tube may be used, and height differee may exist between the SV1.5 and connector 3.
The extend tube between connectors and valves mumg supported to reduce strain.

6. Use the He-mass spectrometer to perform leak &dstéfilling.

If leak rate more thabx10° mbarAls somewhere, reconnect it until the leak rate leaa®x10° mbardls
Switch off the He-mass spectrometer and replaeéhita dry mechanical pump.

8. Insulate the filled vessel and connect the SV mewith socket in the filling box.

9. Open the vacuum valve, valve 1, valve2, valve Bjevd , the TTCS loop valve and pressure regulator

10. Pump until pressure of the TTCS loop and the §llobox down to 30Pa, close valve4, the vacuum vahgthen open the gas bottle valve slowly to
fill the loop with high purity C@from the bottle, until the pressure up to 1IMPdil(tsh the loop)

11. Close the gas bottle valve , open valve 1, valaadithe vacuum valve slowly;

12. Pump the TTCS loop until the pressure down to 30Pa;

13. repeat step 11 and 12 twice;

14. Close valve 4, valve 2 and the vacuum valve; swifttthe pump.

15. Open the SV1.5 valve slowly, then close the SVhlve; slowly open valve 1 to fill the CO2 into th@CS loop to prevent pressure spike to the
sensors. Repeating on and off the SV1.5 valve ahgeVl in turn until pressure of the TTCS loop [sta 3MPa, and then slowly open the SV1.5
valve and valve 1 in turn.

16. Switch on the filling box heater and the standarsisel heater (to control the box temperature stegpep ta30°C);

17. Using the small fans to cool the temperature ofit®umulator to accelerate the filling

18. Watch the reading of the digital pressure gauge;
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19. When the pressure drops dowrbt§95MPa close the TTCS loop valve, valve 1, the SV1.5Y@ahnd valve 3, respectively;
Note: here the pressure of 5.995MPa corresponds &0, saturated temperature of 22C
20. Switch off the filling box heater and the standeedsel heater;
21. unwrap the heating tape from the SV1.5;
22. Disconnect the SV1.5 from the filling box;
23. Weight the SV1.5 and compare it Wit § r vs+ Mg_vs)
24, After filling finished, the two extended filling hes, the SV1.5 and the filling system must be cdlyedisconnect and seal.
25. Carefully packing the two extended filling tubdse SV1.5 and the filling system.

6.7 Venting CO, from the TTCS loop

Measures shall be taken to avoid damage or contamination arising from water condenses. Usually, below 15°C, the condensing dropwise is visible.
The ground accumulator heater (GAC in TTCE) is used to heat the accumulator.

The TTCE communication terminal is used to inspect the accumulator temperature while venting CO, from the TTCS loop. PT03 is taken as a
detecting point. As soon as the temperature is below 18 °C, stop releasing operation.

A valve (TTCB valve) is connected to the filling port with a filter next to it. And then an exhaust stainless tube is connected to the filter and extended
to the outside of the clean room. At the exit of the stainless tube, frost might be encountered because of throttle, thus, a hot air gun is also needed to

suppress this phenomenon.
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Monitor the loop pressure by TTCE terminal, stop venting until 1.5 bar.

TTCE

Terminal

TTCS
LOOP =>T<l Z
TTCB valve Filter

Figure 6-1 Schematic of venting CO, from TTCS loop

Table 9 Procedures for venting CO , from TTCS loop

Switch on TTCE Terminal and go to the interface EFZ

Write down the PT0O1 and PTO3 temperatures

Connect the TTCB valve, filter, stainless tube arténded tube

B @ N

Open the TTCB valve a little to release fas slowly while switch on the ground accumul&teater (GAC) with 30%
Monitor the PTO1 and PT 03, once one temperatusel®v 18°C, stop venting.

Use a hot air gun to heat up the exit of the Eamtube

Repeat steps 0 and 0, until the pressure is dovrbtbar

Check the reading of the TTCB’ APS. Close the TTMaBe when the pressure is low down 1.5 Bar.
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8. Switch off TTCE Terminal

6.8 Temporary sealing the TTCS loop (FM)

1. Close the fill valve to for further sealing the TSE&M loop;
2. Clap the tube to the TTCS loop.

Note:
The volume of the filling tube from the box to th&@CS loop may differ from that to SV1.5. In thisseaan estimation of this tube volume can be maéaldng a

filling tube of one meter in lengthmm in inner diameter as an example, the volumelimil The pressure is 6MPa at the filling tempewanf 32C is chosen as

final thermodynamics state. Therefore, the massifoghe filling is about 0.78g/m. This should bken into account for the calculation ofdn
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7. FILLING PROCEDURE DATA SHEET

7.1 Preparation procedures
Preparation procedures
Date: | Company: Location: Engineer:

Step No. Action and Description Monitoring Value Result Comment Time
1. Take by hand environment conditions
2. Temperature: Humidity: Pressure:

0 %RH MPa
3. Calibrate the volume of the filling box;(Vbox= 0Dfter)
4, Calculate the volume of the two connecting tubab\aaives;
5. Select filling environmental temperature, e.g.5@2 Troom
6. Wrap a heating tape around the filling tube outsigebox;
7. Prepare an electronic balance with full scale miv@n 4200g ang

accuracy of 0.1g;
8. Prepare a bottle of pure;lgas for volume calibration
9. Prepare high purity (99.99%)G®ottle for filling;
10. Prepare a barrel with ice water mixture for coolihg vessel,
11. Prepare a fan for cooling TTCS accumulator duriligd;
12. Connect a dry mechanical pump to the vacuum coanect
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7.2 Filling system leak rate examination

Filling system leak rate examination

Close valve 2.

Date: Company: Location: Engineer:
Step No. Action and Description Monitoring Value Result Comment Time
1. Take by hand environment conditions
2. Temperature: Humidity: Pressure:
0 %RH MPa
3. Connect the two SV 1.5s to connector 1 and conn&¢t@spectively.

4. Measure the background leak rate of the “He masstgpmeter” <5x10"° mbarf.
5. Connect the He mass spectrometer to the vacuunectwn
6. Open valvel, valve 3 and valve 4

Vacuum the filling system

7. Measure the leak rate of the filling system withbelium gas. <5x10° mbarfl.

8. Using negative method, blowing helium gas, to meathe leak rate of <5x10° mbarfl.
these connectors, valves.

Leak rate for each connector should be bee0° mbarik.

9. Disconnect the He mass spectrometer and measutmthkground leal <5x10"° mbarf.

rate of the equipment.
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Filling system leak rate examination
Date: Company: Location: Engineer:
Step No. Action and Description Monitoring Value Result Comment Time
10. Flash the filling system
11. Connect the Nbottle to the connector 2
12. Open the bottle valve and valve 2 40+1bar
Pressurize the filling system slowly
13. Close valve 2 and open vacuum valve 2+0.5bar
Release the N2 from the system slowly
14. Open the bottle valve and valve 2 40+1bar
Pressurize the filling system slowly
15. Close valve 2 and open vacuum valve 2+0.5bar
Release the N2 from the system slowly
16. Open the bottle valve and valve 2 40+1bar
Pressurize the filling system slowly
17. Close valve 2 and open vacuum valve 2+0.5bar
Release the N2 from the system slowly
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7.3 Determination of filling system volume

Filling system volume determination
Date: Company: Location: Engineer:

Step No. Action and Description Monitoring Value Result Comment Time
1. Take by hand environment conditions
2. Temperature: Humidity: Pressure:

O %RH MPa
3. Affix any two of the three PT1000s on the side acefof the SV1.5.

and leave the rest one to monitor environmentapezature.
4. Connect the SV1.5 (any of the three stand vessamisbe used) to

connector 3;

Note: Longer extend tube may be used and heigfareifce may exist

between the SV1.5 and connector 3.

Note: The extend tube between connectors and valvesust be

supported to reduce strain.

(For the new connectors, wrench screw nuts with and quarte

circles. For the used connectors, wrench the sorggvfurther tightly.)
5. Connect the Nbottle to connector 2;
6. Connect a dry mechanical pump to vacuum connector
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Filling system volume determination
Date: Company: Location: Engineer:
Step No. Action and Description Monitoring Value Result Comment Time
7. seal the extend filling tube with the other endrmwsted to connector [1 s

of the filling box;
Note: the need of redetermination of the fillingtm is due to the uge
of additional extend filling tubes, therefore, thetend filling must be
connected to the filling box with the other endlsda
On the other hand, we could skip this procedunsefcan rely on the

calculation of the volume of the additional extéditithg tubes. Then :

VFT=VfiIIing_system+VC_extend tubes

8. Close valve 1, valve 4 and the Ibbttle valve, open valve 2, valve 3, th&vacuate Time 1~2 hours
SV1.5 valve, pressure regulator and the vacuunmevsibwly, pump the Vacuum  gauge
SV1.5 and the filling box down to 30Pa; reading <30Pa

9. Close the vacuum valve open the valve of thdbditle
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Filling system volume determination
Date: | Company: Location: Engineer:
Step No. Action and Description Monitoring Value Result Comment Time
10. Fill the SV1.5 with N up to 4.5MPa, then close valve 2; wait untifvacuate Time 0.5~1hours
pressure and temperature of the standard vesstlbike. Take by handP1’
the pressure #21". No.1 Pt1000 Troomt1°C
Take by hand the average reading of the three FOELOOthe filling Egi E:iggg Troont1°C
system as T. T +1°C
(here T is comparable to J,,with range of+1°C);
11. Close the filled SV1.5 valve, valve 3, and theldttle valve, disconnect
the filled SV1.5 from connector 3;
12. Weight the filled SV1.5 with an electronic balar{belg precision or
better), as Miirogens
13. Connect the filled SV1.5 back to the connector 3;
14. Open valve 3, valve 1,vale 4 and the vacuum vapgen pressure
regulator to pump the filling box down to 30Pa;
15. Close the vacuum valve, valve 1 and valve 4, swoftthe pump. DPS reading of the <o 5gar
Open the SV1.5 valve and close SV1.5 valve, slayggn valve 1 to filll 11CS loop
the N; into the filling box and tubes.
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Filling system volume determination
Date: Company: Location: Engineer:
Step No. Action and Description Monitoring Value Result Comment Time
16. Wait about ten mins, take by hand the pressuf@2asnd the averageP2’
reading of the three PT1000s in the filling sys&es;'.
. . No.1 Pt1000 0
here T’ is comparable to Jon, with range of +1C); Troomt1C
(here P o J ) No.2 Pt1000
0,
No.3 Pt1000 Troomt1'C
Troomt1°C
17. Close valve 1, valve 3, SV1.5 valve;
18. Disconnect SV1.5 from the connector 3;
19. Weight the SV1.5 with the electronic balance agasnM'irogend
20. The nitrogen mass inside the filling system inahgdiubes is:
MFT= M’ nitrogenl_M’ nitrogena
21. The volume of the filling system including tubesletermined by the
ideal gas equation , where
_ M4RT,
[
rnwitrogenpZ
Mhiroger= 289/mol for nitrogen, and R is the gas constant;
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7.4 Determination of TTCS volume

TTCS volume determination
Date: Company: Location: Engineer:

Step No. Action and Description Monitoring Value Result Comment Time
22. Take by hand environment conditions
23. Temperature: Humidity: Pressure:

0 %RH MPa
24, Affix any two of the three PT1000s on the side acefof the SV1.5.

and leave the rest one to monitor environmentap&rature.
25. Connect the SV1.5 (any of the three stand vessaisbe used) to

connector 3;

Note: Longer extend tube may be used and heigfareifce may exist

between the SV1.5 and connector 3.

Note: The extend tube between connectors and valvesust be

supported to reduce strain.

(For the new connectors, wrench screw nuts with and quarte

circles. For the used connectors, wrench the saocggvfurther tightly.)
26. Connect the Blbottle to connector 2;
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TTCS volume determination
Date: Company: Location: Engineer:
Step No. Action and Description Monitoring Value Result Comment Time
27. Connect a dry mechanical pump to vacuum connector
28. Connect the TTCS loop to connector 1;

Longer extend tubes may be used and height diiferenay exist
between the TTCS loop and connector 1.

Note: The extend tube between connectors and valvesist be

supported to reduce strain.

29. Close valve 1, valve 4 and the Ibbttle valve, open valve 2, valve 3, th&vacuate Time 1~2 hours
SV1.5 valve, pressure regulator and the vacuunmevsibwly, pump the Vacuum  gauge
SV1.5 and the filling box down to 30Pa; reading <30Pa

30. Close the vacuum valve open the valve of thdbditle

31. Fill the SV1.5 with N up to 4.5MPa, then close valve 2; waiting untitvacuate Time | 0.5~1hours
pressure and temperature of the standard vesstlbke. Take by handP1
the pressure a21. No.1 Pt1000 Troomt1°C
Take by hand the average reading of the three FOELOOthe filling Egi ziggg Troomt 1°C

system as [
y I Troon¢10C

(here T is comparable to J,,with range of+1°C);
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TTCS volume determination
Date: Company: Location: Engineer:
Step No. Action and Description Monitoring Value Result Comment Time
32. Close the filled SV1.5 valve, valve 3, and theldttle valve, disconnegt

the filled SV1.5 from connector 3;

33. Weight the filled SV1.5 with an electronic balar{belg precision or
better), as Miogens

34. Connect the filled SV1.5 back to the connector 3;

35. Open valve 3, valve 1,vale 4 and the vacuum valgen pressure

regulator to pump the filling box and TTCS loop dote 30Pa;

36. Close the vacuum valve, valve 1 and valve 4, svofEthe pump. DPS reading of the < 5gar
Open the SV1.5 valve and close SV1.5 valve, slaygign valve 1 to fill| T1¢S loop
the N, into the TTCS loop to prevent pressure spike ® gbnsors|
Repeating on and off the SV1.5 valve and valve tuin until pressure
of the TTCS loop is up 1.5MPa, and then slowly offenSV1.5 valve

and valve.
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TTCS volume determination
Date: | Company: Location: Engineer:
Step No. Action and Description Monitoring Value Result Comment Time
37. Wait a period of time (0.5~1hours), take by harelltop pressure &2 | P2
and the average reading of the three PT1000s ffilthg system as T.
(here T is comparable to Jom, With range of +1C); No.1 Pt1000 Troont1°C
No.2 Pt1000
No.3 Pt1000 Troont1°C
Troomt1°C
38. Close valve 1, valve 3, SV1.5 valve and the TTClI8eja
39. Disconnect SV1.5 from the connector 3;
40. Weight the SV1.5 with the electronic balance agasniVhiiogens
41. The nitrogen mass inside the loop and the fillipgfsm is:

M nitroger— Mnitrogenl_M nitrogena

42. The volume of the loop is determined by the ides gquation , where
Y — MnitrogenRTZ -V
Loo FT
P rnwitrogenpz
Mhiroger= 289/mol for nitrogen, and R is the gas constant;
43, Determine the fill mass bylc | =ViooFR (Where FR = 569.60 g/l).
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TTCS volume determination
Date: Company: Location: Engineer:

Step No. Action and Description Monitoring Value Result Comment Time
44, Calculate the filled mass for the standard vessel

SetM¢ vs= Mg vs+ Mc | + Mc g

NOTE:

Mc r =Mc gr vst Mc g ri=Vvs X pe (T, P)+Vier % pe (T, P)

Here pg (T, P) is determined by the chosen final tempeeatf the

standard vessel and the final saturated pressuhe @iTCS loop.
45. Repeat the above procedure of TTCS volume detetimmagain for

confirmation
7.5 Fill a standard vessel with CO, from a Gas bottle

Fill a standard vessel with CO 5, from a Gas bottle
Date: Company: Location: Engineer:

Step No. Action and Description Monitoring Value Result Comment Time
1. Take by hand environment conditions
2. Temperature: Humidity: Pressure:

0 %RH MPa
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Fill a standard vessel with CO , from a Gas bottle
Date: | Company: Location: Engineer:
Step No. Action and Description Monitoring Value Result Comment Time
3. Connect the SV1.fhere anyone of the two SV1.5 can be used) to

connector 3;
Note: Longer extend tube may be used and heigfareifce may exist
between the SV1.5 and connector 3.

Note: The extend tube between connectors and valvesust be

supported to reduce strain.

(For the new connectors, wrench screw nuts with and quarte

circles. For the used connectors, wrench the saocggvfurther tightly.)

4. Connect a high purity C{yas bottle to connector 2;
5. Connect a dry mechanical pump to vacuum connector
6.

Close valve 1 ,valve 4 and the gas bottle valvenomlve 3, valve 2

pressure regulator, the vacuum valve and the S¥élve;
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Fill a standard vessel with CO 5, from a Gas bottle
Date: Company: Location: Engineer:
Step No. Action and Description Monitoring Value Result Comment Time
7. Open valve 3 until the pressure drop to 30Pa; Evacuate Time | 1~2 hours

Close the vacuum valve, open the bottle valve slpuitil the pressure

up to 1MPa,; Vacuum  gauge <30Pa
Close the bottle valve and open the vacuum valealg] pump the| reading
SV1.5until the pressure drop to 30Pa; <30Pa
Repeat such operations and flush with C@twice (totally three
times). <30Pa
8. Place the vacuumed SV1.5 to a barrel with ice waigture, switch off
the pump;
9. Open valve 2 and regulate outlet pressure of gtle valve slowly Outlet pressure of > 4MPa
until higher than 4MPa; gas bottle
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Fill a standard vessel with

CO ,from a Gas bottle

Date: | Company:

Location:

Engineer:

Step No.

Action and Description

Monitoring

Value

Result

Comment

Time

10.

After a period of time (2 hours~3 hours), close 8.5 valve, valve 2
and valve 3;

Estimate weight by electronic balance without dmstcting SV1.5
check whether it meets required mass in the SMLG0?2 filled into
the SV1.5 is less than the required mass, thethpubV1.5 back to th
barrel, and open valve 2, valve 3 and the SV1.5valv

During the estimation of weight without disconnegtiSV1.5, the
extend tube between the SV1.5 and filling box stidndput up slightly
in order to get real weight of the filled SV1.5@sssible as we can, af
even though, the extend tube still account for a&l@Q0g in total
estimating weight.

» Waiting time

e Estimating weight

nd

2 hours~3 hours

%M C_VS+2009

11.

Disconnect the SV1.5 from the filling box, and t¢ing SV1.5 surface;
Seal the extended tube.

Dry and clean the
SV1.5 surface

12.

Weight the filled SV1.5 with a electronic balanasMgijeq_vs;

M cilled_vs

13.

Take by hand the filled COmassvi oVvs= MFiIIed_VS - ME_VS;

Mo vs

14.

If Mo vs> (Mc vs — Me_vs), open the SV1.5 valve very slightly to

release a little C@gas, close SV1.5 valve;
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Fill a standard vessel with CO 5, from a Gas bottle
Date: | Company: Location: Engineer:
Step No. Action and Description Monitoring Value Result Comment Time
15. Weight the SV1.5 again; repeats step 12 to 14 bhdilys value meetg Mg vs (Mc_ vs=MEg vs)
the requirement=Mc _vs — Mg vs). +1g
16. Seal the filled SV1.5 valve for cleanness
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7.6 Calibration of the filled mass

Calibration of the filled mass
Date: Company: Location: Engineer:

Step No. Action and Description Monitoring Value Result Comment Time
1. Take by hand environment conditions
2. Temperature: Humidity: Pressure:

O %RH MPa
3. Set the filling environment temperature a@2
4, Connect the filled SV1.5 (the SV}ea9) to connector 3;

Note: Longer extend tube may be used and heigfareifce may exist

between the SV1.5 and connector 3.

Note: The extend tube between connectors and valvesust be

supported to reduce strain.

(For the new connectors, wrench screw nuts with and

quarter circles. For the used connectors, wrenetsthew nuts

further tightly.)
5. Connect another standard ves3éb (B) to connector 1 with the same

extension filling tube for filling the TTCS loop;
6. Connect a dry mechanical pump to vacuum connector
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Step No. Action and Description Monitoring Value Result Comment Time
7. Close valve 2 and open the vacuum valve, valveréspire regulator,

valve 1, valve 4 and the VS_B valve;

8. Pump the VS_B until the pressure down to 30Pa; Miacu gauge <3opg
reading

9. Close the vacuum valve and valve 4;

10. Open the VS_A valve slowly;

11. Switch on the filling box heater with and the startivessel heater (foNo.1 Pt1000 <30°C
control the box temperature to°g5step by step); No.2 Pt1000

_ . No.3 Pt1000 <30°C

If possible, the standard vessel heater shoulce@ser the temperatufe =

with an interval of 5~11C. <30°C

If heat power of the filling box heater is not eghy using additional

heat gun to warm up théS_A

12. Using the fans to cool théS_B
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13. Watch the reading of the digital pressure gaugeethe pressure andAPS reading of | 5.99540.1MPa
temperature is close to the set value, switch enhimating tape on thethe filling system
filling tubes.
Temperatures of | 25°C
When the pressure is equal3®95MP3a close the TTCS loop valve,,[he filling box and
valve 1, the SV1.5 valve, and valve 3, respectively tubes
14. Switch off the filling box heater and the heatiage;
15. Unwrap thevS_A;
16. Disconnect th&/S_A and thevS_B r espectively;
17. Weight the VS_A and theVS_B, as Mg g vsa and Meijed vs & »
respectively
18. From Meied vs— Mo r vs a), We have the mass of GOut of SV1.5;| (Mejjeq vs—
from (Meieq_vs 8B—MEe_vs_g), We have the mass of Gito VS_B; Mo R vs A)
(MFilled_vs_B
—ME vs g
19. Obtain the mass loss M=(MFiled vs—Mo_r_vs_A~(MFiled_vsa | Mioss
_ME_VS_B);
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20. Calculate the mass loss based on the filling tubkime Mc g rr | Mc g 7
=Verxpe(T); where T=25C
21. Obtain fill loss range of the filling tube by comiay MisssandMc g gt
to determine performance of the current fillingteys
22. Switch off the pump.
23. Seal the filled SV1.5 valve for cleanness
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77  Fill TTCS loop with CO; from SV1.5

Fill TTCS loop with CO , from SV1.5

Note: Longer extend tubes may be used and height differee may

exist between the TTCS loop and connector 1.

The extend tube between connectors and valves mugbe

mechanically supported to reduce strain.

Date: Company: Location: Engineer:
Step No. Action and Description Monitoring Value Result Comment Time
1. Take by hand environment conditions
2. Temperature: Humidity: Pressure:
0 %RH MPa
3. Set the filling environment temperature a@2
4. Connect the TTCS loop to connector 1 with an exgdrfdling tube.

5. Connect a high purity CO, gas bottle to connector 2;
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6. Put three PT1000 vertically by using adhesive tapeirn on the side

surface of the SV1.5, then wrap the SV1.5 with déeatth Pt1000 in
the joint of the heater.
(Note: No.1 PT1000 for control, No.2 PT1000 and N®PT1000 for

monitor.

During filling CO , from the standard vessel to the TTCS loop, No.[L

PT1000 should be paste on the middle of the standhwessel's side
face; the other two PT1000s should be pasted on thep and bottom

of the standard vessel's side face).

7. Connect the filled SV1.5 to connector 3;

Note: Longer extend tubes may be used and height differee may

exist between the TTCS loop and connector 1.

The extend tube between connectors and valves mugbe

mechanically supported to reduce strain.

8. Use the He-mass spectrometer to perform leak &dstéfilling. LR <5x10° mbarils
If leak rate more thaBx10° mbarils somewhere, reconnect it until the

leak rate is less tha&x10° mbarilks
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Date: Company:

Location:

Engineer:

Step No.

Action and Description

Monitoring

Value

Result

Comment

Time

Stop the He-mass spectrometer and replace it widhyamechanica

pump.

10.

Follow the section of 7.5fill a standard vessel with CQ to from a
Gas bottle) to fill SV1.5 toMijeq_sv;

Myiled_sv

11.

Put three PT1000 vertically on the side surfacéhef SV1.5 by using
adhesive tapelhenwrap the SV1.5 with heater with Pt1000 in the fq
of the heater.

Note: check them can work or not

(No.1 PT1000 for control, No.2 PT1000 and No.3PTL€8 monitor.
During the filling CO2 from the standard vessethie TTCS loopNo.1
PT1000 should be paste on the middle of the stdndessel’s side face
the other two PT1000s should be paste on the tdpbaitom of the|

standard vessel's side face).

yNO.1
iFeading

NO.2

reading

-NO.3
reading

P11000

Pt1000

Pt1000, Ok or not

Ok or not

Ok or not

12.

Insulate the filled vessel and connect the SV hmeaith the socket in

the filling box.

13.

Open the vacuum valve, valve 1, valve2, valve dyevd , the TTCS

loop valve and the pressure regulator
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14. Wait until pressure of the TTCS loop, the fillingxand two extend Evacuate Time | 1~2hours

tubes down to 30Pa or lower.

Close valve4, the vacuum valve, and valve 1. thegnahe gas bottleVacuum  gauge <30Pa

valve slowly and valve 1 to fill the loop with highurity CO, from the| reading

gas bottle, until the pressure up to 1MPa (flughltiop) >1MPa
15. Close the gas bottle valve , open valve 1, valemd the vacuum valve

slowly;
16. Pump the TTCS loop, the filling box and two exteméies until the Evacuate Time | 0.6 hour

pressure down to 30Pa or lower;

Close valve4, the vacuum valve, and valve 1. thegnahe gas bottleVacuum  gauge <30Pa

valve slowly and valve 1 to fill the loop with higiurity CO, from the | reading

gas bottle, until the pressure up to 1MPa (flughltiop) >1MPa
17. Pump the TTCS loop, the filing box and two extemties until the Evacuate Time | 0.6 hour

pressure down to 30Pa or lower;

Vacuum  gauge <30Pa
reading

18. Close valve 4, the vacuum valve; switch off the pum
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19. Put the SV1.5 with the connected tube on the @etibalance. DPS reading of <0.5bar
Open the SV1.5 valve slowly, then close the SVhe; slowly oper| the TTCS loop
valve 1 to fill the CO2 into the TTCS loop to praevg@ressure spike tp
the sensors. Repeating on and off the SV1.5 vaidevalve 1 in turn
until pressure of the TTCS loop is up to 3MPa, trash slowly open the
SV1.5 valve and valve 1.
20. Switch on the filing box heater and the standaedsel heater (toNO.1 Pt1000 | 30+0.5°C
control the box temperature to°g5step by step); reading 30+1°C
If possible, the standard vessel should be heaiéul avtemperature¢ NO.2 ~ Pt1000 | 30+1°C
interval of 5~16C. reading
If heat power of the filling box heater is not egbuusing additiona] NO.3  Pt1000
heat gun to warm up the SV1.5 reading
21. Use the fan to cool the accumulator
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22. Watch the reading of the digital pressure gaugeeWthe pressure andWaiting time 3~4 hours

temperature is close to the set-value, switch enhiating tape of theAPS reading of | 5.995+0.1MPa

filling tubes. the TTCS loop

When the pressure is equal3®95MPa close the TTCS loop valve,(Prrcg)

valve 1, the SV1.5 valve, and valve 3, respectively APS reading of | 5.995+0.1MPa

the filling system
(Psiing system

23. Switch off the filling box heater and the standeedsel heater;
24, Unwrap the heating tape from the SV1.5;
25. Disconnect the SV1.5 from the filling box, cleamfage of the SV1.5
26. Weight the SV1.5 adMo r vst Mg vs), (Mo r vstMEe_vs) | (Mc r vstME vs)

comparedNo g vst Me_vs) With(Mc_r_vs+ Mg_vs) 50
27. Filling finished.
28. After the filling is finished, the two extendedlifig tubes, the SV1.5

valve and the filling system must be carefully discected and sealed.
29. Carefully packing the two extended filling tubebe tSV1.5 and the

filling system.
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7.8 Venting CO, from the TTCS loop

Venting CO2 from the TTCS loop

°C

Date: | Company: Location: Engineer:
Step No. Action and Description Monitoring Value Result Comment Time
1. Take by hand environment conditions
2. Temperature: Humidity: Pressure:
%RH MPa

Switch on TTCE Terminal and go to the interface EFZ

Write down the PT0O1 and PT03 temperatures PTOPAIO3 >22°C

Connect the TTCB valve, filter, stainless tube arténded tube

o g M @

Open the TTCB valve a little to release £O§as slowly while switch om PTO1 and PT03 | >17°C
the ground accumulator heater (GAC) with 30%

Monitor PTO1 and PT 03, once either temperatutgelsw 18°C, stop
venting by closing TTCB valve.

7. Use a hot air gun, or hot water bath, to heat @apettit of the stainless

exhaust tube

8. Repeat steps 6 and 7, until the pressure is dodirbtbar APS reading 1.5+0.1bar
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9. Close the TTCB valve. APS reading 1.5+0.1bar
10. Switch off TTCE Terminal
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8. APPENDIX

8.1 Error analysis of volume determination of a

vessel by weighting the gas mass inside

Assumption : no leakage of measuring system, including the aostaduring the period of
measurement; the electronic balance employed lealsetst accuracy of 0.1g; and the temperature
be controlled within 0.5K.

According to the ideal gas equation:

M
PV =—RT (A1.2)

m
Where m is the mole mass of the gas in use (inlgjni is the net gas mass to be measured, and
R is the gas constant, T is temperature ofC2ih thermal bath respectively. For nitrogen,

m=28g/mole, and a vessel of about 1.5liters;/B13g. From (Al.1), we have

AV _AP AM AT _AP  _AM, AT
=—+—+ = +2 t—

\% P M T P M T

As AP is limited by the pressure sensor, with the pressansor available with accuracy+f2%

(A1.2)

FS, by setting P to the FS of the pressure sefesgr, 10MPa), we have the lowest error of 0.44%
for AP/P For using nitrogen as an ideal gA¥/V is about 0.89 %.

Gas used N

m(g/mole) 28

M(g) 76.3
AM/M (%) 0.26
AT/T(%) 0.17
AP/P(%) 0.44
AVIV (%) 0.89
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8.2 Error analysis of volume determination of TTCS
loop by indirectly measuring the Nitrogen mass insi de

the loop

Assumption : no leakage to the measuring system, including th€S loop and the filling
system, during the filling; and the temperature @sdiniformity be controlled withir2K; the
volumes of the standard vessel to fill to loop,{Ms about 1.5 liter, and the volume of the loop is
about 1.5 liter Vioop = W9); the accuracy of the electronic balance is 0AMg); no nitrogen

absorption on the inner surface of the TTCS lo@p thade of stainless steel.

1) Error analysis for the measured volume the fillingsystem including the filling tubes.

Fill nitrogen with the SV1.5 to a pressure of 4.5\Rveight the mass of the filled SV1.5
M’ hirogenz Connect the vessel to the filling system andasdethe nitrogen slowly. Weight the
mass of the SV1.5 agaM’ hiwogena the nitrogen mass filled into the filling systeran then be
calculatedMgr = M’ hirogen1M nitrogenz @Nd AMiitrogen = AM1 +AM, = 2AMg. To the volume of the
filling tube of the filling system is about 0.04&et. Even with additional tube of 5m long and
3mm in inner diameter, which is about 0.035 litee nitrogen mass inside filling tube is about a
few percentages of that in the SV1.5 and the pressiside is about the same as the initial

pressure of SV1.5. The estimategrass is:

M - 1 POVVSrnwitrogen_
S
20 RT,

AssumingP-; = P,, the error of ¢

AVg _ DRy, ,OM, AT,

VFT I:)FT M FT TFT
_OI%FS 0 AMRT, AT,
I:)0 I:)OVVSrnnitrogen TFT

is about 6.3%

2) Error analysis for the measured volume of the loo@nd filling tube
Similarly, connect the filled vessel to a vacuunieap and release the nitrogen inside the filled
VS1.5 slowly until equilibrium is established. Weighe mass of the SV1.5 agairogens the
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nitrogen mass filled into the loop can then be walted: Mioop+er = MiitrogeniMhitrogenz @and
AMgop+rr = AM; +AM,= 2AMg. As Vsis about half of the total volume, the nitrogen snaside
the loop and filling tube is about half of the iaitfilled mass of nitrogen in the SV1.5, and the
pressure inside the loop and filling tube is abiwlt of the initial pressure of SV1.5.

_ 1 I:)OVVSrnnitrogen

M ==
loop+FT 2 R-E)

1
AndPlzzF’O;

AssumingTo=T oop, aNdATiqep iS aboutt2K
The error of Voop+rr:

AVIoop+FT — ARI. + 2 AM B + ATloop
V, P M T

loop+FT loop+FT loop

02%FS , , AMgRT, +AT|oop
I:)O POVVSrn"litrogen Tloop
is about 2.1%.

=2

3) Error analysis for the measured volume of the loop
The error of \bop:

AV _ 2.1%x1.5+6.3%x( 0.042+ 0.035)
Y 1.5

loop

is about 2.4%

In the assumption, no absorption of nitrogen issa#red. This is achieved by performing the
measurement for at least twice. Let the nitrogesogiiion, if there is any, reach its saturated
value during the first measurement, so for theofeihg measurement, there should not be

additional nitrogen absorption happen.

8.3 Error analysis of the total filled mass of TTCS

loop

Assumption : There is no leakage for the filling system, andTA€S loop during the period of
filling and measurement; the temperature is colefmolvithin +2.0K for filling procedure without

thermal bath; and the volume of the loop is abdbilifer; the electronic balance employed has the
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best accuracy af0.1g (\Mg). (Based on our experiments), any mass lossssthes 19

According to Annex 8.2, the error of the loop voluia about 2.4%, so the calculated filled mass

Mear = FrVioop (8609) has also the error 0f=2.4%.

(1) The error from weighting CO, mass is

AM=AM,-AM =2 AM=%0.2g.

(2) The error from the filling loss in the filling system the CQ mass remained the filling tube

of filling system plus additional tube with lengtli 5m (0.077L) is about 12.75g based on NIST

refrigerant properties database.

The error of total filled mass of TTCS is

AM CcO2_loop _ AVloop + 2M; +M
M V V

loos ~ 24%+ 1.2/15/5696 = 2.6%
xFR

CO2_loop loop loop

Therefore, we have total G@hass accuracy a2.6%, which meets the requirementdfo.

Conclusion:
Although the volume error is larger than 2% (regdiin Ref.1), the mass error (2.6%) is still
within that required (4% in the Ref.1)

The impact of using electronic balance with accy@c0.1g other than 0.01g is that, the error of
loop volume determination is obviously increasedhjclv will be transferred to corresponding

mass error. The impact on weighting itself isdittl
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8.4 Calculation of the required filling mass into the

SV1.5
N 1 -
' Standard vessel FI||Ing system | TTCB small loop filling vavie
i Valve l /
: Filling box TTCS Loop
' |
[ l |
| L— Filling tube -«—
L _=_ _ 1___ __ __ _ ________ I
Mo vs
Two phase
T _room

Figure 8-1 CO2 initial state and mass distribution between the filling system and the TTCS

loop before starting filling

Two phase
Standard vessel F||||ng System TTCB small loop filling vavle

Valve

|
: g{:& —— Filling box

- |

I - L—— Filling Tube «—

Mo R vs Mo R FT M Filled L

Troom

Figure 8-2 CO, finial state and mass distribution between the filling system and the TTCS

loop after finishing filling

It can be concluded from Figure 8-1 and Figure 8-2 that CO, finial mass distribution would exist
in the SV1.5, the filling tube of the filling system and the TTCS loop just like shown in Figure

8-3 with ignoring leak mass during filling process.
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Total filling CO,
mass
N
( )
CO2 mass in the TTCB Remained CO2
(two phase) (superheated) CO2 mass for leakage
Miiii_cal Myterained (ignored)
( )
0, masssx;‘f“;ained in €O, mass in filling tube

Figure 8-3 CO, mass distribution between the filling system and the TTCS loop after finishing

filling

8.5

Calculation example

1) Calculation of M_¢

Assumed : V | op=1.55L

S0

Mc | = FRXV,o0p

= 569.60/L x1.55L

= 882.88¢q

The above calculated CO », must be filled into the TTCS regardless of what

temperature you choose for the filling.

2) Calculation of M ¢ r

If we choose 25 °C for the filling, so the retained mass of CO

including filling box, two extended tube and the st

2 in the filling system

and vessel can be calculated as

below:

Known conditions:

TLoop (Chosen) = 22°C, P(corresponds toT  accy(Chosen)) =5.995MPa,
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Tys(controlled) =30°C,

Once T q0p (chosen) is fixed, the final pressure in the filling system and the TTCS loop is

also fixed. If the chosen T of CO, is 22°C, the corresponding saturated pressure is
5.995MPa,

And in the filling box, the SV1.5 and twos extend tubes

pc (30°C, 5.995MPa) = 170.8g/ L

Solution:

And if volume of the used SV1.5 Vys is 1.485L , and filling tube of the filling system Veris
0.042Liter, so the CO2 retained in the SV1.5, the filling box and two filling tubes can be
calculated as:

Mc r = Mc r vst Mc R FT

= Vys Xpg (30°C, 5.995MPa) +Veexpg (30°C, 5.995MPa)

= (1.485L+0.042L)* 170.8g/ L
= 260.82g

According to the above calculation, the temperature chosen for filling will influence

the retained mass of CO2 M ¢ rin the filling system, not influence the mass of CO -, to
be filled into TTCB.

3) Calculation of the total mass

By ignoring the leak mass, the CO, mass must filled into the used SV1.5 is
Mc + Mc r=882.889+260.82g =1143.79
And it pluses net mass of the used SV1.5 Mg vs is
Mc_vs=MEg vs+ Mc (+ Mc r
=2747.239+882.88g+260.82g =3890.83g

Finally, shown by electronic balance, the total mas s should be 3890.83q.
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Table 10 saturated properties of CO2 from 15 °C to 29°C with interval of 1 °C
Density (L) Density (V) Enthalpy (L) Enthalpy (V) Entropy (L) Entropy (V)
Temp [°C] Pressure[ MPa ]
[kg/m~3] [kg/m~3] [kJ/kg] [kJ/kg] [kJ/K-kg] [kJ/K-kg]
15.00 5.081 821.8 159.6 240.1 418.0 1.136 1.754
16.00 5.204 813.0 1654 243.1 416.6 1.146 1.746
17.00 5.330 803.9 171.5 246.2 415.0 1.156 1.738
18.00 5.458 794.4 178.0 249.4 413.4 1.167 1.730
19.00 5.589 784.5 184.9 252.6 411.6 1.177 1.721
20.00 5.722 774.2 192.3 256.0 409.7 1.188 1.712
21.00 5.857 763.3 200.2 259.5 407.6 1.199 1.703
22.00 5.995 751.8 208.8 263.0 405.3 1.211 1.693
23.00 6.136 739.5 218.1 266.8 402.8 1.223 1.682
24.00 6.279 726.3 228.3 270.7 400.0 1.236 1.670
25.00 6.425 712.0 239.6 274.9 396.8 1.249 1.658
26.00 6.574 696.2 252.4 279.3 393.2 1.263 1.644
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27.00 6.727 678.4 267.3 284.2 389.0 1.279 1.628
28.00 6.882 657.5 285.1 289.7 384.0 1.296 1.609
29.00 7.042 631.7 307.8 296.3 3775 1.317 1.586
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